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Chemical Analysis in the Cement Industry. 


In the following are described the methods of analysis commonly adopted in the 
laboratories of British cement works. 

The analyses required in the cement industry may be conveniently divided 
as follows: (A) Argillaceous materials, (B) Calcareous materials, (C) Cement 
raw mixtures, (D) Cement, (E) Fuel, and (F) Gypsum. 


Argillaceous Materials. 


SAMPLING.—Before commencing the analysis of a material of this nature it is 
essential to ensure that the sample is representative of the whole, that it is in a 
sufficiently fine state of division, and that it is in a state of equilibrium. 

The bulk sample should weigh about 1 cwt. which, after crushing to }in., 
is reduced by quartering to about 4 1b. The 4-lb. sample is then crushed to } in., 
and again quartered to about 4 0z., and this quantity is prepared for analysis by 
grinding it to pass a 100-mesh sieve and drying at 105 deg. C. before storing in a 
clean and dry glass bottle with a well-fitting stopper. 

Throughout the sampling process scrupulous cleanliness must be observed to 
ensure freedom from contamination either by the surfaces on which the quartering 
is done or by the tools used. The initial crushing can be safely done with a hand 
iron or steel mortar and pestle, but the final grinding through the 10o-mesh 
sieve must be carried out with an agate pestle and mortar. Before doing this it 
is advisable to go over the sample with a magnet to remove any particles of iron 
derived from the earlier crushing operations. 

Reagents must be of guaranteed purity. “‘ Analar’’ chemicals are suitable, 
but a blank analysis should be carried out using the same procedure and using 
the same amounts of reagents as are employed in the main analysis. The results 
of the main analysis are then corrected by the amounts of silica, alumina, iron 
oxide, lime, and magnesia found in the blank analysis. Distilled water must be 
used in all operations. The apparatus must be of good quality and suitable for the 
purpose, in order to avoid contamination by it during the analysis. 


, 


(21) 
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SOLUTION OF THE SAMPLE.—1 gr. of the sample is accurately weighed into a 
clean and dry platinum crucible, 5 gr. of anhydrous sodium carbonate are added 
and the contents of the crucible thoroughly mixed by means of a small spatula, 
care being taken to brush back any particles adhering to the spatula. The 
covered crucible is heated over a Bunsen burner, gently at first and then gradually 
increasing the temperature until all the carbon dixoide is driven off and the 
contents are ina state of flux. It is advisable, especially with high-silica materials, 
to heat strongly for about ten minutes over a good Meker burner. Care should 
be taken when removing the lid to inspect the melt, so that none of the melt 
adhering to the underside of the lid is lost. The fusion should be completed in 
20 to 25 minutes. 

The crucible is then removed from the flame and the lid is placed upside down 
on a clean clock glass. The hot crucible is taken in a pair of tongs and given a 
gentle swirling motion to spread the melt in a thin layer over the sides of the 
crucible. The lower part of the crucible is then held in about 100 cc. of distilled 
water in a clean porcelain basin to chill the melt. The water should not be allowed 
to enter the crucible until it is cool. 

The lid is placed in the porcelain basin, which is then covered with a clock 
glass; 40 cc. of concentrated hydrochloric acid are then poured slowly into 
the basin, the crucible tilted onto its side, and the basin then placed on a hot 
plate and the contents maintained just below boiling until solution is complete. 
The crucible and lid are then removed and, together with the cover glass,thoroughly 
washed with hot water, a rubber-tipped glass rod being used to remove any 


adhering particles of silica. The crucible and lid are ignited over a Bunsen burner 
for a few minutes, cooled, and cleaned with a few cubic centimetres of 1 : 1 hydro- 
chloric acid by warming on a hotplate almost to boiling to remove any stain 
present in the crucible. The crucible is rinsed out into the basin and again ignited. 
This operation is repeated until the crucible appears quite clean after ignition. 


DETERMINATION OF SILICA.—The basin is then transferred to a water-bath 
and its contents evaporated to dryness, after which it is maintained on the bath 
for a further half an hour. The basin is then covered and 25 cc. of concentrated 
hydrochloric acid are introduced and the contents digested for ten minutes. It 
is then removed from the water bath, and the underside of the clock glass is 
washed into the basin, cleaned with a rubber-tipped glass rod, and washed into 
the basin again. The contents of the basin are filtered through an 11-cm. No. 41 
Whatman filter paper into a 500-cc. graduated flask. The basin is rubbed clean 
with the rubber-tipped glass rod, rinsed out into the filter and, when all the 
silica is on the filter, it is washed with hot 1 : 3 hydrochloric acid and then with 
hot water until it is free from chlorides. The filtrate is transferred back to the 
porcelain basin and again evaporated to dryness, and the former process is re- 
peated. The contents of the basin are filtered through a 9-cm. No. 40 Whatman 
filter paper into the same graduated flask, the filter being again washed until 
it is free from chlorides. Both filter papers are partially dried in the platinum 
crucible used in the original solution of the sample, ignited, first at a low heat 
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until the carbon of the filter paper is completely consumed without inflaming 
and finally at 1100 to 1200 deg. C. in a muffle for half an hour, the crucible being 
partially covered by the lid. After cooling, the crucible and contents are weighed. 


The silica so obtained is invariably contaminated with a small amount of iron 
oxide due to the presence of a basic ferric salt during filtration and washing. 
The true amount of silica is obtained by moistening the precipitate with water in 
the crucible, adding 2 cc. of 1: 3 sulphuric acid and then about 8cc. of hydro- 
fluoric acid. The contents are evaporated slowly in a fume cupboard until no 
further fumes are evolved. The crucible is cooled, one or two drops of 1:3 
sulphuric acid and 2 cc. of hydrofluoric acid are added, and the evaporation 
repeated. The crucible is then ignited, gently at first and finally for 15 minutes 
in a muffle at 1100 to 1200 deg. C. The crucible is cooled and weighed. The 
process is repeated until constant weight is attained. 

The loss in weight on treatment with hydrofluoric acid x 100 ts the percentage 
of Silica (Si0,). 

The residue remaining in the crucible is carefully fused over a low flame with 
six or seven times its weight of potassium bisulphate. The melt is cooled, taken 
up with hot water, and finally dissolved out with 1:1 hydrochloric acid. The 
solution and washings are added to the main solution in the graduated 500-cc. 
flask. The solution in the flask is cooled to room temperature, made up to the 
mark, thoroughly mixed, and divided into two equal parts by pouring half of it 
into a clean and dry 250-cc. graduated flask. 

DETERMINATION OF ALUMINA AND FERRIC OXIDE.—One 250-cc. portion of the 
solution used in the previous determination is transferred to a 600-c.cm. porcelain 
dish, about 5 cc. of saturated bromine water is added, and the solution is brought 
almost to boiling point. The solution is then cautiously neutralised with 
I: I ammonia solution, with constant stirring until a permanent precipitate 
forms, and eight drops are added in excess. The solution should smell distinctly 
_ of ammonia. It is then boiled for two minutes and filtered through a 12.5-cm. 
No. 41 Whatman filter paper into an 800-cc. conical beaker. The original dish 
is rinsed out three times with hot water into the filter. The precipitate on the 
filter paper is washed six times with boiling water, two or three drops of ammonium 
nitrate solution (500 gr. per litre) being added before each washing. When the 
last washing has drained through, the funnel is placed in the original dish, a 
hole is pierced in the apex of the filter paper, and the precipitate is washed into 
the dish with hot water ; 5 cc. of concentrated hydrochloric acid are then poured 
on to the filter around its upper edge, and the filter paper is then washed with 
hot water. A further treatment with concentrated hydrochloric acid is followed 
with six washings with hot water. The filter paper is then discarded. The 
solution in the dish is brought to the boil, 5 cc. of bromine water added, and the 
solution is treated with ammonia solution as before. The precipitate is filtered 
through a fresh filter paper into the 800-cc. conical beaker containing the filtrate 
from the first precipitation. The dish is freed from any trace of precipitate, 
first by hot water and a rubber-tipped glass rod, and finally by adding a drop 

B 
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or two of 1: 1 hydrochloric acid and precipitating with ammonia as previously 
described, any trace of precipitated hydroxides being filtered off in the same filter 
paper. The precipitate is washed on the filter with boiling water six times, 
two or three drops of ammonium nitrate solution being added before each washing. 
The filtration and washing of the hydfexides should be carried out as rapidly 
as possible, otherwise the precipitate may become colloidal and difficult to wash 
and show a tendency to pass through thé filter paper. While the filter and 
precipitate are drying the combined filtrates are transferred to the original 
porcelain dish, made slightly acid with hydrochloric acid in order to prevent the 
precipitation of calcium carbonate, and concentrated to about 100 cc. Any 
trace of alumina and iron oxide remaining is precipitated as before, filtered off, 
and washed, the filtrate being caught in the 800-cc. conical beaker. Owing to 
the risk of contamination of this small precipitate with calcium carbonate it 
should be redissolved in a small amount of hydrochloric acid, the solution being 
caught in the original dish and the filter washed several times with water. The 
oxides of aluminium and iron are now precipitated exactly as before and filtered 
through the same filter into the 800-cc. beaker. The dish is rubbed with the 
rubber-tipped glass rod and rinsed into the filter, which is then washed free from 
chloride with hot water with the addition of one or two drops of ammonium 
nitrate solution. This small precipitate is then ignited with the main precipitate 
in a weighed crucible. The filter paper is burned off over a low flame until the 
paper is charred, and finally ignited to constant weight at 1050 deg. to I100 
deg. C. 


-The weight of the ignited precipitate x 200 is the percentage of alumina + ferric 
oxide + titanic oxide. 


A platinum crucible must be used for the ignition if the precipitate is required 
for the determination of ferric oxide or titanic oxide. 

DETERMINATION OF FERRIC OxIDE.—The other 250 cc. of the original solution 
(equivalent to 0-5 gr. of original material) is transferred to a 400-cc. conical 
beaker, brought to the boil, 5 cc. of bromine water are added, and then ammonia 
to precipitate the alumina and ferric oxide as before. After boiling for two 
minutes the precipitate is filtered off on a 12-5 cm. No. 41 Whatman filter paper, 
the filtrate being caught in a 6-in. porcelain dish. The beaker is rinsed twice with 
hot water into the filter, and the precipitate is washed six times on the paper 
without the addition of ammonium nitrate solution. The precipitate is then 
washed through a hole in the apex of the filter paper back into the original beaker 
and 10 cc. of concentrated hydrochloric acid are poured on to the filter, which 
is then washed into the beaker. The filtrate and washings caught in the porcelain 
dish are concentrated to roo cc., acidified with a few drops of hydrochloric acid 
and a few drops of bromine water, and ammonia is then added to precipitate 
any alumina or iron oxide present. The solution is filtered through a 9-cm. 
No. 40 Whatman filter paper. When all the precipitate is collected on the filter 
it is washed six times with hot water, dissolved in 3 cc. of hydrochloric acid, 
and washed into the beaker containing the solution of the main precipitate. 
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The strongly yellow solution is brought to the boil and carefully reduced by 
stannous chloride solution added drop by drop. When the solution is decolorised 
one extra drop of stannous chloride solution is added, the solution is cooled, 
Io cc. of mercuric chloride solution are added, and the solution is stirred 
vigorously for one minute, and then allowed to stand for three minutes; I0 cc. 
of 1 : r phosphoric acid solution and four drops of barium diphenylamine sulphonate 
indicator (0-158 gr. barium diphenylamine sulphonate in 100 c.cm. of water) are 
added, and the solution is titrated with standard potassium dichromate solution 
(I cc.=0-005 gr. Fe,O;). The end point is taken as the point at which a drop 
causes an intense purple colouration that remains unchanged on further addition 
of the standard dichromate solution. 

The number of cubic centimetres of standard dichromate solution required equals 
the percentage of ferric oxide. 

By deducting the percentage of ferric oxide from the amount of total oxides 
previously determined, the percentage of alumina is obtained. If the titanic 
oxide is not determined separately, the percentage recorded for the alumina will 
include any titanic oxide present. 

DETERMINATION OF TITANIC OxIDE.—The ignited R,O, precipitate obtained 
previously is fused with 3 gr. of potassium bisulphate over a low flame. The pre- 
cipitate should be completely dissolved in about half an hour. The crucible is 
cooled, the lid washed carefully into the crucible, 5 cc. concentrated hydrochloric 
acid are added, and the crucible is warmed until the melt is dissolved. The solution 
is filtered through a 9g-cm. No. 40 Whatman filter paper into a 400-cc. conical 
beaker. The platinum crucible is treated with 6 cc. of hydrochloric acid, and 
warmed on the hot plate for a few minutes. The contents of the crucible are then 
poured through the same filter into the conical beaker, rinsed out, and then 
ignited strongly. The filter paper is then washed several times with hot water, 
placed in the platinum crucible, and the paper burnt off. The residue is then 
. fused with a little more potassium bisulphate. The fusion is dissolved in a little 
hydrochloric acid and water and added to the solution in the 400-cc. conical 
beaker. The R,O, is then precipitated, filtered, and redissolved as previously 
described for the determination of ferric oxide. 

The solution is warmed and transferred to a 500-cc. round-bottomed flask, 
which is fitted with a rubber cork carrying inlet and outlet gas tubes; 4occ. of 
concentrated hydrochloric acid and 3 gr. of aluminium foil cut into small pieces 
are introduced into the flask, which is then heated over a small flame. The 
reducing action is complete when all the aluminium is dissolved and the solution 
is colourless. Carbon dioxide gas is passed into the flask by connecting a carbon 
dioxide Kipp’s apparatus to the inlet tube of the flask, which is then removed 
from the flame and cooled in cold water. When cold, the reduced solution is 
titrated with a standard solution of iron-alum (I cc. = 0-001 gr. TiOs) using 
10 cc. of ammonium thiocyanate solution (400 gr. per litre) as indicator. The 
end point is shown when a permanent blood-red colour is produced. A blank 
determination on the stock aluminium foil is made using 3 gr. of foil and 50 cc. 


of hydrochloric acid. 
Cc 
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(No. of cubic centimetres of iron alum—blank value) x 0:2 is the percentage of 

titanic oxide. 

DETERMINATION OF LimE.—The filtrate from the determination of alumina 
and ferric oxide in the 800-cc. conical beaker is mixed with 10 cc. of concen- 
trated ammonia solution. It is then brought to the boil, and 30 cc. of boiling 
ammonium oxalate solution (50 gr. per litre) are added. It is then boiled for five 
minutes or longer if the calcium oxalate precipitate is small, and allowed to stand 
in a warm place for not less than four hours. The solution is then filtered through 
a double g-cm. No. 40 Whatman filter paper, the last traces of precipitate being 
removed from the beaker by means of a rubber-tipped glass rod. If there is less 
than about 1 per cent. of CaO present in the clay the precipitate on the filter is 
washed until it is free from chlorides, 2 cc. of hot saturated ammonium oxalate 
being added before each washing. The filter is dried and ignited as described in the 
next paragraph and the filtrate is evaporated down for the determination of 
magnesia. 

If there is more than about 1 per cent. of CaO present it is necessary to re- 
precipitate the lime. The filter containing the precipitate is partially dried, 
placed in a platinum crucible, and the paper burnt off at a low heat. The contents 
of the crucible, after cooling, are transferred to a 400-cc. conical beaker, about 
100 cc. of water are added, and then 10 cc. of concentrated hydrochloric acid. 
The solution is brought to boiling point, a few drops of bromine water added 
and then ammonia solution until the liquid is just alkaline. It is warmed for one 
minute and then filtered through a 9-cm. No. 40 Whatman filter into the original 
800-cc. conical beaker. The filter is washed until it is free from chloride, adding 
two drops of ammonium nitrate solution before each washing. If the filter paper 
contains no more than a trace of material it may be discarded, otherwise it should be 
burnt off, weighed, and the weight added to the weight of R,O, previously de- 
termined. The filtrate in the 800-cc. beaker is then brought to the boil and 
30 cc. of boiling ammonium oxalate solution are added. It is then boiled, 
allowed to stand, and filtered as before. 


The filter containing the precipitate is partially dried, placed in a weighed 
platinum crucible, and the paper burnt off at a low heat. The crucible is allowed 
to cool and concentrated sulphuric acid added slowly until the whole of the 
ignited precipitate is moistened. The excess of sulphuric acid is evaporated in 
the fume cupboard over a low flame. When fumes cease to be evolved the crucible 
is covered and brought slowly to a dull red heat which is maintained for three 
minutes, then cooled and weighed. 


The weight of calcium sulphate x 82:4 is the percentage of CaO. 

DETERMINATION OF MaGNnEsIA.—The filtrate from the lime precipitation is 
evaporated to small bulk in the original porcelain dish, which, towards the end, 
is covered by a clock-glass. When the ammonium salts begin to crystallise 
the filtrate is removed from the burner, 30 cc. of concentrated nitric acid are 
added, and the evaporation is continued to dryness in the fume cupboard. When 
the basin is cool, the residue is treated with 3 cc. of concentrated hydrochloric 
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acid, the clock-glass and sides of the basin washed, and a few drops of sistas” 
water added. The solution is brought to the boil, a slight-excess of ammonia 
added and, after being gently boiled for a minute, it is filtered through a 9-cm. 
No. 41 Whatman filter into a 400-cc. conical beaker. The precipitate is washed 
free from chloride but is otherwise discarded. 

To the filtrate, when cold, are added 5 cc. of sodium phosphate solution 
(137 gr. per litre) and 20 cc. of concentrated ammonia solution. This is stirred 
vigorously to induce precipitation of magnesium ammonium phosphate in a 
crystalline state. The beaker is then covered and allowed to stand for at least 
six hours. The contents are then filtered on a g-cm. No. 40 Whatman filter paper 
and washed with a cold 3 per cent. ammonia solution till free from chloride. The 
filter is partially dried, placed in a weighed platinum or porcelain crucible, the 
paper slowly charred, and the resulting carbon carefully burned off and finally 
ignited at I100 to 1200 deg. C. to constant weight. 


The weight of magnesium pyrophosphate x 72-46 is the percentage of MgO. 

DETERMINATION OF ALKALIS.—Of the sample, 2 gr. are weighed into a clean 
platinum basin, moistened with 5 cc. of 1:3 sulphuric acid, 15 cc. of hydro- 
fluoric acid are added, and the basin is gently heated over a low flame in the fume 
cupboard until fumes of sulphuric acid are strongly evolved. The basin is cooled, 
a further 5- cc. of hydrofluoric acid are added, and the contents are again 
evaporated in a fume cupboard. The temperature should be raised gradually 
in order to drive off the excess sulphuric acid completely. The basin is cooled and 
the contents heated just short of boiling with 5 cc. of concentrated hydrochloric 
acid. About 15 cc. of water are then added, the solution is heated for a further 
five minutes, and filtered through a g-cm. No. 40 Whatman filter paper into a 
200-cc. conical beaker. If there is any appreciable amount of insoluble matter 
on the filter paper, it is ignited in the platinum basin, the residue is treated with 
small amounts of sulphuric and hydrofluoric acids, taken up after evaporation 
. with a few drops of hydrochloric acid and a little water, and filtered into the 
beaker containing the main solution. Any further insoluble matter may be dis- 
carded as it is unlikely to contain alkalis. 

The solution in the beaker is brought to boiling and the sulphates in it are 
precipitated in the usual way with barium chloride solution. The filtrate from the 
sulphate precipitation is caught in a 400-cc. conical beaker, made alkaline with 
ammonia, and then powdered ammonium carbonate is added until no more precipi- 
tate forms. The contents of the beaker are warmed to about 50 deg. C. and the 
precipitate filtered on a 12-5-cm. No. 41 Whatman filter paper, the filtrate being 
caught in another 400-cc. conical beaker. _ The precipitate is then washed back 
into the beaker, redissolved in a few cubic centimetres of hydrochloric acid, 
reprecipitated, filtered, and washed. Both filtrates are then evaporated to dryness 
in the platinum basin, care being taken to avoid loss by spurting and by creeping 
over the.sides of the basin ; the latter can be reduced by smearing the outer edge 
of the basin with a trace of petroleum jelly. When dry, all ammonium salts are 
driven off by careful ignition. The contents of the basin are then taken up with a 
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little water and transferred to a 200-cc. conical beaker. Sufficient powdered 
ammonium carbonate is then added to saturate the solution and an equal volume 
of alcohol is added. After thorough mixing, this is allowed to stand for at least 
four hours, to ensure that the last traces of lime and magnesia are precipitated. 
The solution is then filtered through a 9-cm. No. 40 Whatman filter paper into the 
platinum basin, the beaker being rinsed several times with a 50 per cent. alcoholic 
solution of ammonium carbonate and the filter washed with the same solution. 
The filtrate is evaporated to dryness and gently ignited to drive off the ammonium 
salts present. The residue is taken up with water, and the solution should now re- 
main perfectly clear on the addition of a small amount of ammonium carbonate. 
If not, it must be filtered, evaporated, and ignited until a solution free from lime 
and magnesia is obtained. 

The filtrate is then evaporated to dryness in the weighed platinum basin with 
two or three drops of hydrochloric acid When dry the basin is ignited gently over 
a small flame until the alkali chlorides are just melted, then cooled and weighed. 
This gives the amount of total alkalis as mixed chlorides. 

The mixed chlorides are then dissolved in about 5 cc. of water and chloro- 
platinic acid (10 gr. H,PtClg per 100 cc.) added at the rate of 1 cc. for each 
0-03 gr. of mixed chlorides. The solution is evaporated just to dryness on a water 
bath and, when cold, about 10 cc. of 80 per cent. alcohol are added and the 
crystals broken up and thoroughly mixed with the alcohol using a rubber-tipped 
glass rod. The basin is covered and allowed to stand for fifteen minutes and then 
filtered through a 7-cm. No. 40 Whatman filter paper. The precipitate is washed 
three times by decantation with 80 per cent. alcohol, transferred to the filter with 
the aid of a jet of 80 per cent. alcohol, and washed until the filtrate is colourless. The 
filter is dried until it is free from alcohol, and the potassium chloroplatinate is 
washed with hot water into a weighed platinum dish without puncturing the paper. 
The solution is evaporated to dryness on the water bath, dried at 135 deg. C., 
cooled, and weighed. 

The percentages of K,O and Na,0 are calculated as follows :— 

The weight of K,PtCl, x 9°69 is the percentage of K,0. 

The weight of mixed chlorides—weight of K,PtCl, x 0:3067 is the weight of NaCl. 

The weight of NaCl x 26-515 is the percentage of Na,O. 

(To be continued) 
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Expansion of Lime and Cement. 
A MODIFIED AUTOCLAVE TEST. 
A METHOD of preparing, curing, and autoclaving I-in. by I-in. by 10-in. bars of 
cement and lime has been developed, and the expansive characteristics of 
80 commercial hydrated limes determined, at the United States National Bureau 
of Standards, and a report on the work is given by Mr. L. S. Wells, Mr. W. F. 
Clarke, and Mr. E. M. Levin in the Bureau’s “ Journal of Research ”’ for September, 





Fig. 1. Fig. 2. 


1948. On the basis of chemical analysis and percentage of unhydrated oxide, 
the hydrated limes were classified into high-calcium, regularly-hydrated dolomitic, 
highly-hydrated dolomitic, and magnesian hydrated limes. 

The Autoclave. 

Four autoclaves were used, one of which was a horizontal gas-fired apparatus ; 
and three were vertical electrically-heated apparatus. One of the latter had a 
special device for the continuous observation of the specimens. The horizontal 
gas-fired autoclave was not used after it was found that the expansions obtained 
with it were erratic and did not agree well with the concordant results obtained 
with the three vertical autoclaves that were electrically heated. For example, 
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the cement-lime specimens in the upper part of the chamber of the gas-fired 
autoclave expanded more than similar specimens in the lower part. It is believed 
that the reason for this is the tendency for the steam to become superheated in 
the upper portion of a horizontal gas-fired autoclave. 

The three electrically-heated autoclaves met the requirements of Federal 
Specification SS—C-158b. Since preliminary experiments showed that the rate 
of heating cement-lime specimens markedly affected the resultant expansion of 
the bars, the rate of heating each autoclave to 295 lb. per square inch was deter- 
mined. In each autoclave the pressure of the saturated steam was raised to a 
gauge pressure of 295 lb. per square inch in from one to I} hours as required by 
the U.S. standard method for testing cement. Two of the autoclaves were used 
in preliminary experiments wherein the cement-lime and cement-lime-sand 
specimens were autoclaved at gauge pressures of 25 lb., 120 lb., and 295 lb. per 
square inch, and also in most of the work where the autoclaving was done in 
accordance with the standard method for Portland cement specimens (295 lb. per 
square inch). The method of autoclaving at 295 lb. per square inch was used in 
accordance with A.S.T.M. and Federal Specifications for testing Portland cement. 
When the autoclaving was done at 25 lb. and 120 lb. per square inch, the heating 
schedule of the standard autoclaves was followed to the required pressure, after 
which the pressure, or temperature, was maintained by manual control. 

Figs. 1 and 2 show the apparatus that permitted continuous observation of the 
expansion of cement or cement-lime specimens during the course of autoclaving. 
The device consists of a high-pressure gauge-glass chamber (A) mounted on top 
of the autoclave by means of a short length of threaded high-pressure pipe screwed 
into a tapped hole through the cover plate of the autoclave. A freely-moving 
square steel rod (B) extends from the inside of the autoclave through the connecting 
pipe into the gauge-glass chamber. The top of the rod is pointed in order to act 
as a reference. The lower end, which extends through the connecting pipe into 
the: autoclave chamber, was provided with a steel disk (K) that rested on the top 
of the specimen (H), which was held vertically in a rack (R) in the chamber. 
With this arrangement, an expanding specimen causes the steel rod to rise in the 
gauge-glass chamber, and the movement can be observed by sighting through 
the parallel glass windows. Because the rod is square, passage of steam and 
condensed water in and out of the gauge-glass chamber is assured. A-small steel 
spring (I) is attached to one side of the rod to prevent the rod from falling out of 
the gauge-glass chamber while the cover plate is placed and removed. . 

It was found that bars that were continuously wetted during autoclaving gave 
erratic and unusually large expansions. To prevent condensed water from 
dripping away from the specimen directly below the gauge-glass chamber, a 
copper flashing (J) was attached to the rod directly above the disk (K). Asa 
check on the performance of the specimen carrying the rod, a duplicate bar was 
always placed in the same autoclave away from the dripping condensed water ; 
after autoclaving, both bars were measured with a comparator. 
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The Tests. 

In operation, the specimen is placed in a rack in the autoclave, and the cover 
plate with the attached gauge-glass chamber, together with the inserted steel 
rod held in place by the restricting spring, lowered into place so that the steel disk 
at the lower end of the rod comes to rest on the flat top of the specimen. The 
cover plate is then bolted down and the vent valve (C) opened. The position of 
the point of the free-moving steel rod is indicated by means of the cathetometer 
(D), which is firmly mounted on a stone base (E). The heaters are then turned 
on, and the water in the bottom of the autoclave brought to boiling. After the 
air has been displaced by steam, the valve (C) is closed. The autoclave is heated 
to a final pressure of 295 Ib. per square inch, at which pressure the thermometer 
reading is 216 deg. C. The rate of heating is controlled manually by means of the 
several heating units of the autoclave. A variac (F) connected through a voltmeter 
(G) gives increased flexibility to the control. 

Readings of the position of the rising rod are obtained easily until the vent 
is closed. Immediately thereafter readings cannot be taken with the cathetometer 
because of the condensation of water on the inside of the windows of the gauge- 
glass chamber. This condition lasts for one or two minutes. However, since the 
gauge-glass chamber acts as a condenser, the interior soon becomes completely 
filled with water. From then on, the point of the steel rod is clearly visible. 

The shortest time within which the pressure could be raised to 295 lb. per 
square inch was about 97 minutes, compared with 70 minutes required to heat 
the same autoclave without the gauge-glass chamber. This period exceeds the 


limit of 1} hours specified in SS—C-158b. The increase in time was caused by the 
greater heat required by the condensing and refluxing of the water in the gauge- 
glass chamber and by the greater heat capacity of the autoclave. Throughout 
the autoclaving readings were taken with the cathetometer of the position of the 
‘ point of the rod, of the pressure with the steam gauge, and of the temperature 
‘with a thermometer inserted into a thermometer-well in the cover plate. 


Thermal expansions were included in the measurements. The thermal 
expansions of concern were those of the rod, the specimen, and the part of the 
autoclave below the lower end of the specimen. This combined thermal expansion 
was determined by inserting a specimen that had previously been autoclaved at 
a gauge pressure of 295 Ib. per square inch, setting up the equipment as in a 
normal test and heating to 295 lb. per square inch. The movement of the point 
of the rod was observed and reckoned to be the thermal expansion of the combined 
parts. The previously autoclaved specimen used in this experiment was measured 
with a comparator before and after autoclaving and was found to have no 
subsequent expansion. These results were checked by replacing the cement-lime 
bar with a steel bar of equal length and of known coefficient of expansion. 


Results of the Tests. 


Preliminary experiments on the expansion of cement-lime and cement-lime- 
sand specimens autoclaved at steam-gauge pressures of 25, 120, and 295 lb. per 
square inch showed that, without exception, an increase in the pressure was 
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attended by an increase in the linear expansion. Also, an increase in the propor- 
tion of lime to cement from 2 parts of cement and 1 part of lime (2C:1L) to 1 part 
of cement and 1 part of lime (1C:1L) by weight invariably resulted in a marked 
increase in expansion at each pressure. Increasing the proportion of lime in the 
cement-lime specimens resulted in a decrease in the strength of the specimen and 
therefore a decrease in the ability of the specimen to resist expansive forces. It 
is believed that an increase in expansion attending a decrease in the strength 
accounts for the relatively high expansion of the specimens containing 1 part of 
cement, I part of lime, and 5 parts of sand (1C:1L:5S). In fact, the weakness of 
the specimens containing sand and the difficulty of their preparation and handling 
discouraged further work with them. The possibility of a variable being introduced 
because of a probable pozzolanic reaction between the lime and sand during 
autoclaving was a further reason for not using them. An increase in the time 
of autoclaving specimens containing hydrated limes at a pressure of 25 lb. per 
square inch gave expansion curves which indicated that the ultimate expansion 
had not been reached after seven hours of autoclaving. The investigation of the 
effect of time of autoclaving at a pressure of 25 Ib. per square inch was not extended 
beyond seven hours, because that is too long for a continuous laboratory test. 
It became evident from the preliminary experiments that the pressure of 
autoclaving is an important factor with respect to the magnitude of the expansion. 
It is also evident that at lower pressures the total expansion is not reached within 
a practicable time. It was found, however, that cement-lime bars as well as 
Portland cement bars underwent no further expansion at 295 Ib. per square inch 


when autoclaved for periods longer than three hours. It was decided, therefore, 
to abandon further work with lower pressures and to limit all further experiments 
to autoclaving for three hours at a pressure of 295 lb. per square inch. 


To ascertain the effect of increasing the proportion of hydrated lime on the 
expansion of cement-lime bars, some bars were prepared in the proportions of 
2C:1L, 1C:1L, and 1C:2L, and autoclaved for three hours at a pressure of 295 lb. 
per square inch. The limes were distributed into two major groups, one composed 
entirely of the regularly-hydrated dolomitic limes and characterised by containing 
those limes having the highest percentage of unhydrated oxides and the greatest 
expansions. The other group comprised three series of limes: the high-calcium 
limes (in general, those having the lowest percentages of unhydrated oxides, up 
to 3°9 per cent., and the smallest expansions), the highly-hydrated dolomitic 
limes (having 1-4 per cent. to 4 per cent. of unhydrated oxides and, with one 
exception, expansions comparable with those of the high-calcium limes), and the 
magnesian hydrated limes (which had smaller expansions than other limes with 
comparable percentages of unhydrated oxides). 

For the limes of each series, an increase in the proportion of lime in the cement- 
lime bars was, without exception, attended by an increase in expansion. As a 
group the high-calcium limes gave the lowest expansions in the three cement-lime 
proportions, and most of the highly-hydrated dolomitic limes gave expansions 
comparable with the high-calcium limes. The expansions of the remaining highly- 
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hydrated dolomitic limes, which included six experimental limes, were intermediate 
between those of the high-calcium and the regularly-hydrated dolomitic limes. 
However, in the 2C:1L specimens the expansions of the high-calcium and all of 
the highly-hydrated dolomitic limes were within a narrow range—with only one 
exception under I per cent. As the proportion of the lime in the bar increased 
from 2C:1L to 1C:1L, the amount of expansion was greatly accentuated for those 
highly-hydrated dolomitic limes having expansions beyond the range of the 
high-calcium limes. The expansion is even more accentuated in the 1C:2L bars. 

The percentage of unhydrated oxide in the 2C:1L, rC:1L, and 1C:2L bars was 
respectively one-third, one-half, and two-thirds of that of the percentage of 
unhydrated oxide in the lime. Again it was shown that an increase in the propor- 
tion of lime in the bars was accompanied by an increase in expansion. But, 
more important, it was shown that the percentage of unhydrated oxide must be 
low if there was to be assurance that the expansion would also be low. It was also 
evident that the limiting percentage was not the same for each proportion of 
cement to lime. This percentage apparently reduces as the quantity of cement 
decreases and the bars correspondingly become weaker and are less able to resist 
the expansive forces attending the hydration of the unhydrated oxide. For 
example, with the 2C:1L bars, the total unhydrated oxide may be as high as 
4 per cent. and yet the expansion of the bars remain below 1 per cent. With the 
weaker 1C:1L bars, the percentage of unhydrated oxide that can be permitted 
appears to be less, because with 4 per cent. the expansion may exceed 6 per cent. 
With the still weaker 1C:2L bars, the expansion of the bars with 4 per cent. of 
unhydrated oxide may reach about 10 per cent. In fact, even with little or no 
unhydrated oxide, the bars of the 1C:2L series showed expansions considerably 
greater than those of the other two mixtures. It is not known whether this can 
be attributed in part to the cement because of the inability of these weak bars to 
resist the expansion of some of the constituents of the cement. It is interesting 
that the unique magnesian limes, which showed less expansion than other limes 
‘with comparable percentage of unhydrated oxide, began to show appreciable 
expansion in the 1C:2L bars. 

The data obtained on the effect of different Portland cements on the expansion 
of cement-lime bars were insufficient for the application of statistical analysis. 
Nevertheless, some observations may be made. Inspection of the expansion of 
the cement-lime bars of a particular lime reveals that as the expansion of the 
constituent cements increases there is a definite trend for the expansion of 
the cement-lime bars to increase also. This indicates that the expansion of the 
cement used is an important factor, and that it is necessary to apply a correction 
for the expansion contributed by the cement. By trial and error, it can be shown 
that arbitrarily subtracting the expansion of the neat cement from the total 
expansion of the cement-lime bar gives the most uniform results for the “ net ” 
expansion of a lime. Even the net expansion values for a particular lime, however, 
tend to increase somewhat as the expansion values of the cements increase. For 
purposes of test the variation in net expansion could be further reduced by 
eliminating the use of cements of very low or high expansion. For example, 














PAGE 34 CEMENT AND LIME MANUFACTURE Marcu, 1949 


good agreement of net expansion was shown in most instances when the expansion 
of the neat cement was between 0-05 and 0-15 per cent. It is realized that these 
conclusions are based on limited data and that it would have been desirable to 
hz.ve determined the expansion of all the limes with all the cements. 

"In the case of three regularly-hydrated dolomitic limes, three highly-hydrated 
dclomitic limes, and one neat Portland cement, the thermal expansion reached 
0-4 per cent. at 216 deg. C. (steam-gauge pressure 295 lb. per square inch). 
Subtracting this value from that recorded for Portland cement at 216 deg. C., or 
0-6 per cent., gives 0-2 per cent. as the expansion of the neat Portland cement bar 
tested in the special autoclave compared with o-11 as determined in accordance 
with the U.S. standard method of test for autoclave expansion of Portland cement. 
It is believed that this slight difference is in part due to the method used in 
determining the thermal expansion. However, inasmuch as the thermal expansion 
is insignificant compared with the expansions of bars prepared with hydrated 
limes containing appreciable quantities of unhydrated oxide, no further studies 
were made to determine whether the thermal expansion could be ascertained 
more accurately. 

With the normal heating schedule, only a slight amount of the total expansion 
of the cement-lime bars occurred before the elapse of 45 minutes, or before a 
temperature of about 150 deg. C. was reached. This_was followed by a rapid 
rate of expansion, which was reduced before 216 deg. C. was reached. Conse- 
quently there is little to be gained by continuing heating at 216 deg. C. for more 
than one hour. 

After subtracting the expansion of the parts of the autoclave at 216 deg. C. 
from each of the values of the cement-lime bars at the same temperature, and 
comparing the expansion thus obtained with those of similar 1C:1L bars, it was 
found that the expansions obtained with the special autoclave were for the most 
part appreciably smaller, the most logical explanation of which appeared to be 
associated with the lower rate of temperature rise during autoclaving. Conse- 
quently, experiments were made of the rate of expansion of the cement-lime 
specimens when heated in the special autoclave still more slowly. It was found 
that not only was the rate of expansion retarded at the slower rate of heating, 
but, more important, the total expansion was decidedly less. These experiments 
show the great importance of defining the heating schedule of an autoclave test 
of the expansion of a cement-lime specimen. 

The primary purpose of the investigation was to obtain data and information 
that might be used in formulating an accelerated performance test acceptable 
for a specification for the soundness of hydrated limes. The selection of.a test 
procedure should be based on several criteria. Among the most important are : 
(1) The test should clearly differentiate the hydrated limes having low potential 
expansions from all others. (2) The procedure should be reproducible. (3) It 
should not be necessary to repeat the test too often because of such factors as 
breaking of weak test specimens in handling. (4) The time required to complete 
the test should be as short as feasible. (5) The procedure should be adaptable to 
apparatus already available in numerous testing laboratories. 
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On the basis of these criteria, autoclave testing at a steam-gauge pressure of 
25 lb. per square inch would be eliminated because ultimate expansion of cement- 
lime bars is not attained even after seven hours of autoclaving. The time required 
for. autoclaving at 295 lb. per square inch is slightly over three hours for the 
entire procedure divided as follows : Time of raising pressure to 295 lb. per square 
inch, from 1 to 1} hours; time of continued heating at this pressure, 1 hour ; 
and time of cooling autoclave, 1 hour. Furthermore, autoclaving at 295 lb. per 
square inch seems particularly desirable, because numerous testing and research 
laboratories have autoclaves so designed that the gauge pressure can be raised to 
295 lb. per square inch within one to 1} hours and automatically maintained 
thereafter at this pressure. Although a test procedure could very likely be devised 
for autoclaving cement-lime specimens at a gauge pressure between 25 lb. and 
295 lb. per square inch, it is doubtful if autoclaving at an intermediate pressure 
would have any advantages over autoclaving at 295 Ib. per square inch. 

Another factor is the selection of the ratio of cement to lime in the specimen 
that gives the best indication of the potential expansion of hydrated limes. All 
three ratios (2C:1L, 1C:1L, and 1C:2L) could be used to differentiate the regularly- 
hydrated dolomitic limes, characterised by having the highest percentages of 
unhydrated oxides and the greatest expansions, from the remaining hydrated 
limes. However, certain of the highly-hydrated dolomitic limes apparently have 
appreciable potential expansions when tested in the proportions of 1C:1L or 
1C:2L but do not clearly show this expansive potentiality when tested in the 
proportions of 2C:1L. In ratios of 2C:1L the percentages of expansion of all the 
highly-hydrated dolomitic limes are distributed rather uniformly over a narrow 
range—with but one exception, from 0-18 to 0-88 per cent. Therefore, proportions 
of 2C:1L do not meet criterion (1). 


In the proportions 1C:1L and 1C:2L the highly-hydrated dolomitic limes of 
low potential expansions are easily differentiated from those of appreciable 
. potential expansion. But 1C:2L bars are difficult to handle without excessive 
breakage. Therefore testing hydrated limes in the proportions 1C:2L is eliminated. 
Consequently, the proportions 1C:1L remain the most desirable. Since the 
procedure of testing cement-lime bars in the proportions 1C:1L is reproducible, 
criterion (2) is also met. Therefore, testing cement-lime bars in the porportions 
of 1C:1L and autoclaving at 295 lb. per square inch meets all the requirements. 


Bearing in mind that the test for soundness should differentiate hydrated 
limes having low potential expansions from all others, it would appear logical 
to limit the expansion to that shown by the high-calcium limes. If the upper 
limit is placed at 0-6 per cent. without subtracting the percentage of expansion 
of the cement, then all the high-calcium limes would be included and some of the 
highly-hydrated dolomitic limes, but highly-hydrated dolomitic limes that show 
moderately high potential expansion would be eliminated. The limit of 0-6 per 
cent. may be too restrictive in view of the fact that certain cements might be 
used that give slightly higher expansion than the cement used in most of the 
experiments. It is proposed, therefore, that the upper limit of the linear expansion 
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for a test for soundness be placed at 1 per cent. after subtracting the percentage of 
expansion of the cement. It is further proposed that Portland cement meeting 
the requirements of Federal Specification SS—C-192 (type I) for Portland cement 
(ASTM designation C 150-46) be used in preparing the 1C:1L test bars, and that 
only cements having expansions between 0-05 to 0:15 be used. A limit of I per 
cent. should afford adequate protection for the consumer and not be an undue 
hardship to the producer. All high-calcium hydrated limes and quicklimes, if 
properly slaked so that the unhydrated oxide is reduced to a low percentage, will 
easily meet the requirement ; and apparently highly-hydrated dolomitic limes, 
which have been hydrated to the extent that the unhydrated oxide is reduced to 
less than 5 per cent., should also meet the requirement. 


Cement Production in Britain. 
THE amount of Portland cement produced in Britain in 1948 was 8,521,543 tons, 
which is the greatest quantity produced in one year and is 3-8 per cent. greater 
than the quantity of 8,212,366 tons produced in 1939 the previous best year. 
This production was achieved without any additional equipment. New works 
and extensions to existing works, which will substantially increase productive 
capacity, are in hand. ; 

The total quantity delivered in 1948 is also a record, being 3-6 per cent. greater 
than in 1939, the previous best year, and 22-5 per cent. greater than in 1947. 
The quantity delivered in Britain, which includes 53,377 tons imported from 
Germany by arrangement with the Ministry of Works, was 6,961,776 tons which 
is 7-2 per cent. greater than the average for the five years immediately before 
the war, and 13-3 per cent. greater than in 1947 but 8 per cent. less than in 1939. 

The quantity exported in 1948 was 1,628,200 tons, which is 47-4 per cent. greater 
than in 1946 (the previous best year), 88-3 per cent. greater than in 1947, and 
137°6 per cent. greater than the average for the five years immediately before 
the war. The value of the quantity exported, including freight, was about 
£11,500,000, excluding {500,000 for white and coloured cements exported. 

In a study of the comparative productivity of various industries given in the 
Review of the International Labour Office for September, 1948, Portland cement 
is the only British industrial product which is cited as comparing favourably 
in output per worker with production in the United States. 


The Cement Industry in India. 
WE are asked to point out that the capacity of the Sone Valley Portland Cement 
Co., Ltd., at Bihar, India, is 750 tons a day, and not 500 tons as stated in this 
journal for July 1948. 
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Papers on Cement at the Congress of Industrial 
Chemistry. 


In the following are given summaries of some of the papers relating to cement 
that were read before the 21st Congress of Industrial Chemistry at Brussels in 
September last. Other papers deal with efflorescence and the effect of aggressive 
and soft waters. Messrs. C. Dosogne and M. Lepingle describe how viscosity and 
thixotropy of cement slurry are generally overcome by the addition of alkaline 
compounds, and state that they have been successful in offsetting thixotropic 
effects by vibration. 
Hydration and Constitution of Cement. 


In considering the constitution of cements and the products of hydration, 
M. Dubuisson shows that the constituents CA, C;A,, and C,AF transform in the 
first place into hydrated C,A, which is not decomposable by the Anstett test. 
On the other hand, hydration of C,A quickly produces hydrated C,A which is 
very sensitive to the Anstett test. Hydrated C,A formed from the aluminates 
CA, C;As, and C,AF in contact with excess of free lime, liberated by silicates, 
changes to hydrated C,A, and this makes the product decomposable, starting 
with a given value for the silicic modulus. The pre-sulphatation of cements free 
from C,A, whether with a high-alumina cement base or a Ferrari cement base, 
yields a non-decomposable product, whatever the silicic modulus. Experiments 
show that pre-sulphated cements are more resistant than others to the action of 
pure water and of water with a low pH-value. 

M. Haenny deals with some matters relating to the hydration of Portland 
cement. Tests show that clinkers immersed for three years in distilled water and 
in a saturated solution of CaSO,2H,O are remarkably resistant to the action of 
water. The crystalline structure of the clinkers does not change, and even the 
grains of CaO are not hydrated. The hydration products obtained are pure and 
for the most part crystalline, though only in very small quantities, but their 
composition is somewhat uncertain and depends on the liquid in which the clinkers 
are immersed. Some of the grains of quicklime in the clinker, even after grinding, 
still remain enclosed in the particles of clinker constituting the cement, thus 
resisting hydration in the hardened cement. These particles embedded in the set 
concrete undergo hydration only on their surface, their interior retaining the 
form and properties of the clinker. It has been found that determination of the 
total free lime in cement is almost impossible by extraction with glycol, since this 
reagent cannot reach all the grains of lime any better than can water. The 
large amount of lime formed by hydrolysis of tricalcium-silicate should certainly 
be in crystalline form. The smooth surface of a pure cgment paste hardened under 
water between two glass plates reveals numerous crystals of Ca(OH)2 and shows 
the crystalline structure of hydrated cement. 

The rate of hydration of cement clinker and of blastfurnace slag is dealt with 
by M. P. Lhopitallier and Mr. L. M. James. The depth of hydration of particles 
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of clinker-and of blastfurnace slag as a function of time was determined by 
separating the particles between 100% and 200u and using these as aggregate 
in a mortar of which the cement comprised particles of clinker of less than 30u 
obtained by pneumatic selection in a flourometer. The mortar was placed under 
water to set, and samples were taken at intervals for microscopic examination 
with reflected light after polishing. The dark hydrated parts could be easily 
distinguished under the microscope. The discontinuity between the dimensions 
of the particles of aggregate and of the particles of cement enabled the hydration 
of the aggregate to be followed clearly. According to these tests, the rate of 
hydration of cement and slag is practically the same, the average rate for particles 
of 200u being about Ip per day for the first month, decreasing rapidly up to seven 
months when it becomes constant at about 0-05 daily. These rates relate to 
the external part of the particles. Hydration in the interior appears to be 
less rapid, and to a certain extent is a function of the porosity of the binding 
medium and of the original size of the anhydrous particles. 


Dicalcium and Tricalcium Silicates. 


Recent progress in the chemistry of dicalcium and tricalcium silicates is 
described by Mr. R. W. Nurse. Although there is general agreement that the 
principal hydraulic constituent of Portland cement clinker is tricalcium-silicate, 
there has been much discussion about whether the compound found in the clinker 
is identical with the pure compound. The theories put forward are based on the 
assumptions that the extent of the reaction with water appears to be greater 
for the compound in the clinker and that changes in optical properties indicate the 


presence of a solid solution in the clinker ; also some investigators find slight 
differences in X-ray diffraction between the pure compound and the compound 
in cement. X-ray studies made by Professor J. D. Bernal at Birkbeck College, 
London, using crystals of pure tricalcium-silicate as well as a solid solution of 
tricalcium-silicate in melted calcium chloride, show without doubt that the 
tricalcium-silicate in Portland cement is a solid solution of trigonal structure. 
The pure compound is triclinic and it is probable that it is trigonal at high 
ternperatures and triclinic at low temperatures. Recent research, for example, 
by Professor C. E. Tilley at Cambridge, reveals the existence of a fourth form of 
dicalcium-silicate, which has been called ‘ bredegite,”” and is found possibly in 
Portland cement having a high magnesia content. 


Zeolites and Aluminates in Cement. 


Mr. A. Rebuffat contributed papers on hydrolysis in cement and on some new 
ideas on the composition of cements to the 20th Congress of Industrial Chemistry 
(see this journal, May, 1948, and January, 1949.) Two papers by this author 
were presented to the 21st Congress in one of which the zeolites in cement and 
the origin of these compounds is discussed. The author states that hydrolysis in 
cement may be studied in several ways, but the residues are invariably found 
to consist of a zeolite and a calcium-silico-ferrite. Examination by X-rays 
confirms the structure of these two parts. The residue of Portland cement remains 
in equilibrium with the lime water, but absorbs calcium sulphate from solutions 
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of calcium sulphate, the reaction taking place, however, in the same manner as 
with other synthetic zeolites without the formation of calcium-sulpho-aluminate. 
Regarding the origin of the zeolites and in explanation of results obtained with 
calcium silicates, aluminates, ferrites, and mixtures, the author confirms that 
tetracalcium-alumino-ferrite is not a constituent of ordinary Portland cement, 
and the same may be said of bicalcium-ferrite. | The conclusion is that the 
formation of the zeolitic fraction is due tq reaction of an alumino-silicate with 
the water. A study of the products of burning kaolin-lime mixtures compared 
with those of silica-alumina-lime mixtures, or even of silicate-aluminates, confirms 
the functions of the “ silals,’”’ the formation of alumino-silicates as producers of 
zeolites, and the hypotheses regarding the development of the alumino-silicates. 
The author is continuing his investigations. ‘ Silals’”’ are defined on page 14 of 
the January 1949, number of this journal. 

Mr. Rebuffat’s second paper deals with aluminates and high-alumina cements. 
He states that the application of the hydrolysis-number method to high-alumina 
cements indicates the necessity of starting with the aluminates, and it is essential 
to confirm whether the corrections made by Tavasci in the Rankin diagram are © 
valid, and to determine which aluminates actually take part in the reactions 
studied. It was found that neither CA,, as suggested by Tavasci, nor CA, according 
to Rankin, is formed under conditions of rising temperature, at least up to 
1400 deg. C. Tests in kilns give without exception mono-calcium-aluminate and 
alumina. Above 1400 deg. C. the formation of solid solutions of these substances 
is extremely probable. In the hydrolysis of the aluminates there is a close relation 
between the hydrolysis number and the amount of lime combined with alumina. 
Other matters considered include the effect of impurities, silica and the aluminates, 
silica hydration, the retarding and inhibiting effect of silica water on hydrolysis of 
aluminates and high-alumina cements, direct absorption of lime in the aluminates, 
the formation of hydrated aluminates, high-alumina cement with particular 
reference to rate of hydrolysis, variations in the hydrolysis number and the 

’ possibility of deducing therefrom the approximate composition, and mixtures of 
Portland and high-alumina cements. 
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Cement Plant for Canada. 


The United Kingdom Trade Commissioner at Montreal reports that the Atlantic 
Chemicals Co., Ltd., has been formed for the purpose of developing a plant, 
on the Petitcodiac river below Moncton, New Brunswick, for using local anhydrite 
(CaSO4) and shale to produce Portland cement and sulphur dioxide. The plant 
will have one kiln with a capacity of about 200 tons a day. The gases from the 
kiln, containing about 6 per cent. of sulphur dioxide, will be cleaned and con- 
verted to sulphuric acid in a plant with a capacity of 150 tons a day. Nearly all 
the acid will be used in an adjacent superphosphate plant. The address of the 
Atlantic Chemicals Co., Ltd., is 329, St. George Street, Moncton, New Brunswick, 
Canada, and firms interested in supplying the plant should communicate with 
the Commercial Relations & Exports Department (Industries Branches), Room 
1073, Thames House North, Millbank, London, S.W.1. 


Cement Plant for Uruguay. 


THE Board of Trade informs us that Compania Uruguaya de Cemento Portland, 
of Zabala 1338, Montevideo, Uruguay, requires many replacements for its 
cement plant, including parts for kilns, crushers, quarry plant, electric motors, 
elevators, and so on, and also laboratory equipment and supplies. Firms 
interested should write to the company at Montevideo for details, and they are 
requested to inform the First Secretary (Commercial), British Embassy, Rincon 
454, Piso 5, Montevideo, of any action they take. 


MISCELLANEOUS ADVERTISEMENTS. 


GROWN AGENTS 
FOR THE COLONIES. 


candidates are. in- 


SCALE OF CHARGES. 
Situations Wanted, 34. a word ; minimum 7s. 6d. 
Situanons Vacant, 4d. a word; minimum 10s. 
Box number 1S. extra. Other miscellaneous 
advertisements, 4d. a word ; 10s, minimum. 
Advertisements must reach this office by 
the 5th of the month of publication. 


Applications from qualified 
vited for the following post. 


CHIEF ENGINEER required by Government of 
Ceylon for Cement Factory, Kankesanturai, in 
course of construction. ad £1,200 per annum 
fixed. Five-year agreement with ssibility of re- 
newal. Cost of living allowance Rs. 70 a month. 


WANTED. Swets & Zeitlinger, Booksellers, 471 
Keizersgracht, Amsterdam, Holland, Wish to’ pur- 


chase bound or unbound copies of ‘‘Cement and 
Cement Manufacture’”’ and “‘ Cement and Lime Manu- 
facture ’’ for the years 1928 to 1931 inclusive and for 
1933 to 1938 inclusive. Please quote price required 
and quote reference X /163. 


FOR SALE. Romney oe 90ft a, 36ft. Nissen type 


huts in three widths, 30ft, 24ft, and 16ft. Any 
length supplied in units of 6ft. Good condition. 
Delivered and erected, or special rates for delivery 
only.—W. W. Leese, Sectional Buildings, Lower 
Brear, Stump Cross, Halifax. Tel. Hipperholme 
69894. 





FOR SALE. Lorries. Albion 12-14 tons, six wheels 
(double rear axle), 1939, 22ft arop sides, Gardiner 
6LW oiler recently renewed. Trial anywhere. Per- 
fect. £800.—H. . Smith & Son, 79, Hollis Rd., 
Coventry (2462). 


Post is non-pensionable, but Provident Fund exists. 
Government quarters provided at rental of 6% of 
salary; free passages out and home for officer and 
family; leave, travelling allowance, etc., in accord- 
ance with regulations. Candidates, age 40-45, 
should have good practical training in general 
mechanical engineering, and be familiar with chemi- 
cal engineering. Should have sound practical 
training in cement works operation and mainten- 
ance, including stone quarrying experience. In 
general, should be capable of acting as manager if 
necessary. Should also have power station know- 
ledge, as it will be necessary to interchange with 
Power Station Engineer. Apply at once by letter, 
stating age, whether married or single, and full 
particulars of qualifications and experience, and 
mentioning this paper, to Crown Agents for the 
Colonies, 4 Millbank, London, 8.W.1, quoting 
M/N/21448/8E, on both letter and envelope. 





